Α simple trial function for the electron density profiles at the surface of iebum covered by a submonolayerof alkafi adatoms is proposed. The values of work function changes due to adsorption, computed by use of this function, are in good agreement with experimental data. It is shown also that the proposed earlier trial functions for the electron density profiles at the metal surface covered by metallic adlayers, give a wrong sequence of surface concentration of adatoms, at which the minimum of work function for different adsorbates occurs.
Introduction
The surface electron density profile (SEDP) determined numerically by Lang and Kohn [1] for a clean metal surface, is often approximated by simple trial functions [2] . The same can be said of the SEDP of an adsorbate-metal systems. For such system analytical models were proposed by Yamauchi and Kawabe [3] and also by Bigun [4, 5] . When we use, however, these models for the calculation of the work function (WF) changes Δφ due to alkali atoms adsorption, we arrive at a contradiction with the experimental data. Namely, the experimentally observed sequence of the surface concentration Nm of adatoms at which the minimum Δφ m of WF occurs is reversed in relation to the calculated one (Fig. 2, Section 3) .
The calculated Δφm values also decrease too rapidly with the thickness d of the adsorbate layer [6] in comparison with that observed experimentally and that calculated by Lang [6] (Fig. 1, Section 3) .
To avoid the discrepancy between the results following from the models [3] [4] [5] and those from the experiment we propose -another trial electron density profiles for the adsorbate-metal system, which will be considered in the framework of the jellium model. .
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This paper is organized as follows: Section 2 gives the proposed model of SEDP, necessary assumptions and definitions. Section 3 comparises the findings of the proposed model with the experimental data and discusses the obtained results.
Model of the trial SEDP
For an adsorbate-metallic-substrate,system, we employ the core-charge density distribution n+(x) proposed by Lang [6] The substrate, with the bulk electron density n = 3(4πr3s) -1 occupies the semi-infinite half-space: -∞ ≤ x ≤ 0, where the x-axis is perpendicular to the metal surface, and the adsorbate layer of finite thickness d is located on the surface of the substrate and has core-charge density equal to n a (θ), where θ is the degree of surface coverage (see App. I). In the present paper we shall use the values of d assumed by Lang [6] which are independent of θ.
We must point out that the above model has a physical meaning only if the coverage is large enough to start the metallization of submonolayers [7] .
For the simulation of SEDP of the metal-adsorbate system, Yamauchi and Kawabe [3] and then also Bigun [4, 5] employed Smoluchowski's [8] type of trial function, which for x > 0 has a form: 13 exp(-βx), where B and β are positive constants. Such a function is not proper, however, to simulate the SEDP in the region of adsorbed slab. Namely, as it was shown by numerical calculation done by Lang [6] , the SEDP of adsorbed slab is a convex function for 0 < x < d. To regard this property of SEDP we propose the following trial function:
where functions f1 (x) and f2 (x) describe the SEDP of metallic substrate and of adsorbed slab, respectively. The x0 denotes the sticking point at which
For f1 (x) we adopt the function proposed by Perdew [9] :
where For the function f2 (x) we use the following expression:
In Eq. (4b) γ denotes [9] a variational parameter, and k2s = 4kF/π, where k 1 is the Thomas-Fermi screening length, and kF is the Fermi momentum ( = k3F/3 π2). In Eq. (5) p and q denote the positive parameters. The way of their determination will be described later. The trial function (2) with (3) and (5) has to satisfy the electric charge neutrality condition (ChNC) [10] :
where is the total charge density, connected with the electrostatic potential Φ(x) by the Poisson equation* The ChNC applied to the function determined by Eqs. (3) and (5) The parameters γ and q have been determined by the minimum of the surface energy σ condition [10] :
For the surface energy we use the sum of three components: σ 1 -the kinetic and the exchange-correlation energies of electron gas, where the correlation energy εc is given by Wigner's expression (see Ref. 20 in [11] ), σ2 -the electrostatic energy of the system of charges, and σ3 -the second order density gradient contributions to the surface kinetic energy [10] .
After some algebra, one can obtain where the functions Γ and Q are given in Appendix 2.
The values of the parameters b (rs = 2) and γ (rs = 2) were determined in the same way as in the paper [12] Table. For verification of the presented model we employ the WF dependence on a kind of adlayer. To be consistent with the Lang calculations [6] we have used the expression of Koopmans [13] for WF, namely w h e r e is the surface dipole barrier and μ » is the exchange and corelation part of the chemical potential of a uniform electron gas [1, 10] . The change of WF, Δφ(Ν), due to adsorption is equal to It is seen in Fig. 1 that our model gives reasonable good agreement with the Lang,s results and also with the experimental data. From Fig. 2 it follows that this model gives the same trend of the function Nm (d) as calculated by Lan g [6] . The same trend is also observed experimentally [14, 15] in contradiction to the results obtained by Yamauchi and Kawabe [3] , and by Bigun [4] .
The numerical value of Δφ m (N), as well as the value of Nm calculated by Yamauchi and Kawabe (YK) [3] for, a sodium adlayer on the metal substrate with rs = 2, are different from these calculated in the present paper. Namely, Yamauchi and Kawabe gave values of Δφm ( N) and Nm : -1.9 eV and 2.4, respectively. For the same system we have found that Δφ m (N) = -2.25 eV, Nm = 3.73. This discrepancy follows, probably, from the fact that the surface energy has a very shallow minimum and only the deeper numerical analysis of the problem has brought the results quoted above. In spite of relative simplicity of the presented model, it gives results comparable with Lang,s selffconsistent calculations and can be used for an analytical determination of many surface properties of metals such as, for example, work function, surface energy, heat of adsorption, and so on.
Appendix 1
For the description of the coverage of an adsorbate, two scales are used.
Namely: N -the number of adatoms per. unit area of an adsorbent (Eq. (10)) and the degree of surface coverage θ. The Θ scale was employed earlier (see e.8. [14, 16]) and recently rather the N scale is used [3] [4] [5] [6] . The both scales, within the jellium model, are connected by the relation:
where rs and rsa are the Wigner-Seitz radii of the bulk substrate and of the bulk adsorbate, respectively.
The above relation follows from the definitions of the quantities Na and s (see Eqs. (10, 11) ), and the quantity θ is defined as
• where ná . is the electron density in the monolayer and N -the number of adatoms per unit area in the monolayer. . From Eq. (A1.1) it is seen that for θ = 1 we obtain different values of Nm for different kind of adatoms (see Table) , therefore N is better scale than θ. The quantites cl, c2' and h are given by the following expressions:
